Background Cumulative impact zones (CIZs) are a discretionary policy lever available to local government, used to restrict the availability of alcohol in areas deemed already saturated. Despite little evidence of their effect, over 200 such zones have been introduced. This study explores the impact of three CIZs on the licensing of venues in the London Borough of Southwark.
Introduction
Alcohol and the policy environment Alcohol misuse has substantial health, societal and economic impacts. 1 As a consequence, it has become a worldwide public health priority. In England, alcohol is the third leading behavioural risk factor overall and is the leading behavioural cause of injury.
2 From an economic perspective the burden is substantial: in 2014 the total societal cost of alcohol-related harm was estimated at £21 billion in the United Kingdom (UK). 3 In the UK, interventions to tackle alcohol misuse are often implemented at a local level with responsibilities delegated to local government, known as 'local authorities' (LAs).
In areas where evidence demonstrates that the high density of licensed premises threatens the promotion of the licensing objectives, LAs have been granted the discretionary power to address the cumulative impact of alcohol sales. Termed cumulative impact zones (CIZ) or saturation areas, LAs became able to demarcate geographical areas (such as town centres) they deemed 'saturated' with alcohol-related activity. 11 The permissive nature of the Licensing Act 2003 means that if no objections are submitted, the licence is issued; it is for the RAs to demonstrate that unsuitable venues would contribute negatively to the licensing objectives. 9 In CIZs, however, the licensing policy is reversed so that the onus falls on applicants to address how they would avoid adding to the burden of cumulative alcohol-related crime and disorder. Central government guidance requires LAs regularly review the need for each CIZ.
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The effectiveness of regulatory activity
Research into broader licensing policy has shown high levels of variability in licensing engagement by LAs. 13 In 2014, there were 208 CIZs established in more than 100 LAs. 14 Yet little evidence has been reported to substantiate CIZ effectiveness. 15 Specific evaluation of CIZs has been predominantly qualitative. 4, 11, 16, 17 Among the sparse quantitative evidence, the Home Office (the UK interior ministry) has published figures indicating that in 2013/14 86% of applications in CIZs across LAs in England and Wales were granted, compared with 91% in non-policy locations.
14 One authority granted 21 out of 22 applications without any representations being received. 18 Thus, the purpose for CIZs as a means to restrict the number of alcohol outlets is questioned.
In the context of local public health teams being granted the authority to propose objections through the Director of Public Health, we sought to understand the effect of CIZ policy on the licensing process and consequent public health outcomes. First, there is face validity that a less permissive regulatory environment may dissuade new applicants, thereby reducing the number of new applications after a CIZ is created; thus, we examine for that effect. Second, we investigate whether a CIZ precipitates a higher rate of objection (either resulting in a lower rate of success for applicants or imposition of less permissive conditions). So far, to the authors' knowledge, no statistical evaluation has been published that tests these hypotheses using intervention areas and a statistical control.
Evaluating the Southwark policy
Southwark, an inner London borough home to 300 000 people, licenses 1300 premises where alcohol can be sold. 19 Bars, restaurants and other venues make a substantial contribution to the local environment and night-time economy. However, three locations in Southwark are deemed to have reached 'saturation point': CIZs were implemented at each of these three locations: Camberwell CIZ and Peckham CIZ, both established in November 2008; and Bankside CIZ established in November 2009 (Supplementary Fig. S1 ).
Methods

Data collection and collation
Hypotheses were specified a priori. All obtainable variables (number of applications, objections and successful applications, by area and by date within Southwark) were analysed, with a decision made a priori to compare the three CIZ regions with control areas.
Drawing on a municipal database used to manage licence applications, we collated a comprehensive list of all the applications made within the area over the period April 2006 to March 2016. Using geographical information software (GIS), 20 we assigned each outlet application an easting and northing; from these coordinates we identified all applications involving a CIZ and grouped them by area. Six-figure easting and northing coordinates were employed, which are geographic Cartesian coordinates that identify a specific location down to the nearest 10 m (by contrast postal codes are less precise). Remaining applications that were not identified as being located within a CIZ were placed within the control group. The issue date of the licence was used as a proxy that the licence was granted. There were 422 listed licences without an issue date. It was confirmed by the local licensing team that these applications had either not been successful or had been withdrawn. A washout period of 70 days was employed between 31 March 2016 and data extraction to allow time for the those applications made towards the end of the data set to be issued or rejected.
Statistical analyses
We grouped the licence applications by financial year (April to the following March) starting from 2006/07. We fitted an indicator variable for the intervention, to indicate which time periods in which areas had a CIZ in operation (0 for control areas at all time points, 0 in CIZ areas before the intervention and 1 following introduction of a CIZ).
Statistical analyses were executed using STATA 13.0.
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Our models (for number of applications, licences granted and objections) explained around a third of the variance in our data (on the basis of model pseudo R squared values), with the model for the proportion of applications objected to explaining only around one-sixth of the variance.
Incidence rate ratios (IRR) with 95% confidence intervals (CI) and P-values were calculated. Testing was carried out with a P-value <0.05 deemed significant.
Results
Descriptive findings
Over the 10 years to March 2016, 1110 applications were received by Southwark Council (Table 1) ; 430 (38.7%) of these fell within CIZs, of which 297 (69.1%) were in a single area (Bankside). Across the period, 90.3% of the applications in CIZs were issued and 62.8% of applications received at least one objection. In Peckham, a higher proportion of applications received an objection (82.1%) and a lower proportion were issued (84.5%) compared with Camberwell and Bankside. Applications in Bankside received fewest objections (57.2%) and had the highest issue rate (90.3%). By comparison, in the control area, 88.5% of applications were issued; objections were made to 60.8% of applications.
Inspection of the data suggested a substantial reduction in the number of issued licences in the years preceding CIZ intervention in all three areas (Fig. 1 ). There was a particularly pronounced reduction in issued licences in the control group between FY2006/07 and FY2007/08. Grouping the three CIZ areas together, we observed a fall in licence issue in the year following CIZ establishment in Peckham and Camberwell, with a gradual increase thereafter. Disaggregating the areas, there was no discernible pattern for Camberwell CIZ. Peckham CIZ showed a gradual increase in volumes over time. Bankside experienced a decrease immediately prior to CIZ establishment, with more licences being issued in later years. Notably, far fewer licences were issues in Camberwell and Peckham than Bankside. Across all CIZs we observed a general increase in the proportion of applications receiving objections following implementation (Fig. 2) . The pattern for all CIZs and for Bankside largely reflected that of the control area. Peckham CIZ obtained the highest proportion of objections overall and Camberwell experienced the greatest increase in the proportion of applications receiving objections in the years following CIZ establishment.
The introduction of a CIZ was temporarily associated with a reduction in licence applications of 26.5% across the three geographical policy zones (Table 2) ; the number of licences issued in the same areas also fell by 25.7%. The reductions were not uniform; while Bankside and Camberwell reported declines, Peckham CIZ saw applications rise by 19.2% and licences issued by 19.7%. The number of objections per financial year increased following CIZ implementation by 7.8% overall (Table 2 ) and the proportion of applications objected to increased by 21.0%.
Regression analysis: applications received and issued
Before and after analysis found the number of applications received across all areas, except Peckham, and licences issued reduced following CIZ establishment. Although this effect was not significant. When comparing areas with CIZs versus those same areas prior to the introduction of a CIZ and the control area combined, CIZ implementation was found to have little or no effect on the overall number of applications made or licences issued across all CIZs as well as in Bankside and Camberwell; results were not statistically significant. In Peckham CIZ implementation is associated with 119% more applications than areas without a CIZ (adjusted for financial year and time period) (IRR = 2.19, 95% CI: 1.29-3.73, P = 0.004) and 133% more licences being issued (IRR = 2.33, 95% CI: 1.31-4.16, P = 0.004).
Regression analysis: objection data
After adjustment for financial year and area, CIZ implementation was found to have no statistically significant effect on the number of applications that received objections for all CIZs combined as well as for Bankside and Camberwell. Again, for Peckham the intervention was associated with 92% more objections than areas without a CIZ (IRR = 1.92, 95% CI: 1.04-3.57, P = 0.04). However, these results reflect relatively higher numbers of applications received in CIZ areas, compared to control areas. Hence, the proportion of licence applications receiving objections was not statistically different for all intervention areas. Multivariate negative binomial regression of objections and intervention showed a positive association for all intervention areas.
Discussion
Main findings of this study
CIZs are proposed as a key lever to limit alcohol availability in areas of high outlet density. Our study suggests that the introduction of a CIZ policy into three areas of an inner London borough did not result in either a reduction of applications made, or influence the likelihood of success for an individual licence being granted. At the same time, the proportion of applications that were objected to by RAs in CIZs increased following their establishment; but this effect was not statistically significant. These findings could be taken to imply that the policy has not succeeded. Yet we % Objected refers to the proportion of applications to which an objection has been made by any RA and includes applications that are subsequently issued. argue such an interpretation may be an over-simplification based on our practical experience in the licensing process.
What is already known on this topic
Our results support earlier literature that promoted CIZs as a means to reshape the local alcohol environment in a more subtle way than merely limiting outlet density. 4,11 Applications to CIZ areas receive greater scrutiny and are more frequently objected to (despite this not achieving statistical significance in this study). On this basis, the existence of a CIZ, albeit with appropriate RA engagement, may result in applications that consider and therefore better reflect the licensing goals set by the council, as the onus is placed on the applicant to consider and enact safeguards.
Engagement by RAs is important. Agreeing less permissive conditions on licences allows for the availability of alcohol to be controlled in a variety of ways other than limiting outlet density. Voluntary arrangements for the prohibition of highstrength beers, ciders, and similar beverages is not unusual.
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Reducing the number of licensable hours-in particular, earlymorning opening times-can be negotiated. Along with other conditions, such as requiring alcohol only to be served ancillary to a table meal, we suggest the licensing process in general and CIZs in particular provides an opportunity for public health to shape the local environment. Public health, without its own licensing objective, has to frame objections to licence applications in non-health terms and therefore is oftentimes vulnerable to challenge. 10 It is possible that applications within CIZs and subsequent objections enable these negotiations to begin and for the alcohol environment to be shaped in ways that seek to balance public health need with economic gain.
What this study adds
There is a dearth of literature evaluating the effectiveness of CIZs preventing local policy makers from making informed recommendations relating to alcohol-availability interventions. To date, CIZ evaluations have been predominantly qualitative. This study provides a quantitative evaluation of CIZs in a major metropolitan area.
This study is the first of its kind in the UK, and the metropolitan nature of an Inner London borough such as Southwark makes these findings relevant to similar urban geographies both in the UK and further a field. This study involves analysis of applications over a 10-year period, based on information accessed directly from a regulatory database. This provides the opportunity to examine longitudinal changes, which we look as descriptively, as well as looking at differences more rigorously taking account of financial year. The study makes use of previously collected licensing data, which although widely available, we argue, is currently an underutilized asset available to researchers and LAs. As such this study presents a reproducible and objective methodology. This comparatively simple methodology provides a framework for other areas to replicate the work, to confirm or challenge these findings, thereby furthering Continued the understanding of CIZ policy impacts on public health and the local environment. The study findings suggest that if CIZs form an effective approach to supply-side control, they do not necessarily restrict the number of licensed venues in numerical terms. We speculate that applicants may 'raise their game' with and request conditions and hours more consistent with local policy.
If RAs are engaged in the licensing process and capitalize on the opportunity to restrict the licensable activities of a new premises through submitting relevant representations, CIZs may offer an opportunity to shape the local alcohol environment and enable development of a less harmful night-time economy. Many urban areas face competing demands around health and economic development. Opposers to CIZ policies argue they conflict with the need for urban regeneration. 4 Given that this study finds no evidence that CIZs act as a brake on alcohol application numbers or issued licences, this study forms part of the public health response to those morefree-market advocates. In this context, the introduction of CIZ policy has not prevented the development of the nighttime economy.
Limitations of this study
Macroeconomic factors arising from the 2008 economic downturn are likely to have contributed to the reduction in applications observed over the period of our study; the CIZ implementations took place in November 2008 and November 2009. Therefore, the reduction in applications observed over FY2006/07-FY2008/09 may be in part attributable to the financial uncertainty of this period.
It is possible that the CIZ implementation displaces licensable activities both in time (by bringing forward applications to before the implementation) and spatially (by pushing activity to just outside the boundaries of the geography). Adjusting for these possible confounding variables may be possible if the study were extended to a larger geography with more comparable controls.
The choice of the three areas in which a CIZ is applied is not random. The CIZs represent areas of highest availability of alcohol or alcohol-related problems and using 'everywhere else' in the borough as a control was taken as a decision based on data availability. However, a stronger alternative would be to identify areas in other boroughs that are similar to the CIZs, possibly using a form of propensity scoring, this would increase the confidence in the transferability of the findings to other boroughs, something that can be tackled in future research.
Our database was heavily weighted to Bankside, which accounted for almost three-quarters of the applications made within CIZs. This means that the 'overall' figures are largely based on the Bankside component, with comparatively little influence from the Camberwell CIZ; e.g. this area received no applications in FY2012/13. These analyses did not identify quantifiable trends around licensed hours or the nature of licensable activity; we seek to investigate these issues in future work. From a public health perspective, the analyses do not link licensing with any health outcomes. However, in the context of the prospect for public health to be made a fifth licensing objective, 23 we propose this research is both relevant and timely.
On average it takes~2 months for a new licence application to be processed and then either issued or rejected in Southwark. Since issue date was used as a proxy that the licence application was successful and a 70-day washout period was employed, it is likely that a small percentage of applications submitted later in the dataset were still awaiting a decision at the time of data extraction. This effect is likely to be consistent across the intervention and control groups and is therefore a source of non-differential misclassification and is unlikely to bias the findings.
As a metropolitan area with a large number of licensed venues, Southwark faces typical challenges around balancing the prevention of alcohol-related harms with enabling a thriving night-time economy. This study presents CIZs as an opportunity for LAs to achieve such a balance. We argue that these findings are relevant to similar urban areas but the 'intensity' of individual LA licensing processes remains a notable caveat. Local implementation and process is central to licensing success. The high level of variation in policy and engagement at a local level 13 means that while our findings are relevant, the precise effect of policy levers such as CIZ are subject to the nuances of local practice.
Conclusions
For Southwark, we find no evidence that CIZs act as a brake on alcohol application numbers, but we argue that focussing solely on outlet number is only part of a wider picture. Submitting objections to new applications, RAs may be able to regulate licensable activities in a more nuanced way than simply limiting outlet density. Further work is needed to understand the impact of CIZ policy on public health, in particular around the effect of licence conditions on the availability and culture of alcohol locally; ultimately investigating licence conditions' impacts on health outcomes.
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